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(54) Rotor for permanent magnet motor 

(57) To provide a rotor for a motor capable of effect- 
ing improved torque variation due to improvement in the 
induced voltage waveform and of effecting improved 
magnet torque in a permanent magnet type synchro- 
nous motor utilizing reluctance torque. 

A rotor 11 comprises of a core 12 made of a ferro- 
magnetic material, a given member of permanent mag- 
nets 1 4 are mounted in the outer surface of the core 1 2 
circumferentially at equal intervals, and arrangement of 



the permanent magnets 14 is such that polarities N. S 
of the permanent magnets on the sides facing a stator 
are disposed alternately. Also, in the core 12 between 
the center axis of the core and the permanent magnets 
14 are embedded arc-shaped permanent magnets 16 
corresponding to the permanent magnets 14, respec- 
tively, and arrangement of the permanent magnets 16 
is the same as that of the corresponding permanent 
magnets 14. 
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Description 

[0001 ] The invention relates to a rotor for a motor such 
as a permanent magnet type synchronous motor (PM 
motor) for use in a mobile body such as an electric car. 
[0002] Heretofore, a system has been known as this 
kind of permanent magnet type synchronous motor, in 
which the rotor has magnetic saliency so that reluctance 
torque is utilized effectively, and it is categorized as an 
embedded magnet type or a surface magnet type, de- 
pending on the structure of the rotor. 
[0003] The embedded magnet type has a structure of 
permanent magnets being embedded in the rotor, and 
constitutes a permanent magnet type synchronous mo- 
tor utilizing reluctance torque. 

[0004] On the other hand, the surface magnet type 
has a construction in which a rotor 1 is arranged : for 
example, as shown in Fig. 10. The rotor 1 comprises of 
a core 2 made of a ferromagnetic material, having per- 
manent magnets 3 bonded in the outer surface at a giv- 
en intervals, and provided with projections 4 between 
permanent magnets 3. The surface magnet type is a 
permanent magnet type synchronous motor utilizing re- 
luctance torque generated by the projections 4 of the 
rotor 1 . 

[0005] However, since in the embedded magnet type, 
permanent magnets are embedded in the core of the 
rotor, short circuit of magnetic flux of the permanent 
magnets happens inside the core. 
[0006] On the other hand, since in the surface magnet 
type, short circuit of magnetic flux hardly happens and 
magnetic flux of the permanent magnets can be utilized 
effectively, the amount of permanent magnet used can 
be reduced. 

[0007] However, since in the surface magnet type, the 
induced voltage waveform of the winding on a stator fac- 
ing the magnets contains a lot of higher harmonics, 
torque variation (torque ripple) of the motor becomes 
larger, resulting in a vibration of the rotor, and a noise 
by the vibration. 

[0008] It is an object of the invention to provided a ro- 
tor for a motor capable of effecting improved torque var- 
iation due to improvement in the induced voltage wave- 
form and of effecting improved magnet torque in a per- 
manent magnet type synchronous motor utilizing reluc- 
tance torque. 

[0009] This object is solved accoding to claim 1 . 
[0010] The invention thus concerns a rotor for use in 
matched relation with a stator provided in a permanent 
magnet type synchronous motor, wherein the rotor com- 
prises a core made of a ferromagnetic material, a given 
number of first permanent magnets are mounted in the 
outer surface of the core circumferentially at equal in- 
tervals, and the first permanent magnets are arranged 
such that polarities N, S of the permanent magnets on 
the side facing the stator are disposed alternately, and 
wherein in the core between the center axis of the core 
and the first permanent magnets are embedded second 



permanent magnets corresponding to the first perma- 
nent magnets, respectively, and arrangement of the 
second permanent magnets is the same as that of the 
corresponding first permanent magnets. 

5 [001 1 ] The permanent magnets forming the rotor may 
be arranged such that first permanent magnets provided 
in the outer surface of the core are separated from sec- 
ond permanent magnets embedded in the core. 
[0012] Therefore, if the same total amount of perma- 

10 nent magnet as in a conventional surface magnet type 
rotor is used, the magnetic flux density generated be- 
tween the rotor and stator is improved as well as the 
induced voltage waveform, so that torque variation of 
the motor can be improved, and magnet torque is also 

*5 improved due to increased armature interlinkage mag- 
netic flux. 

[0013] A second object of the invention is to provide 
a rotor for a motor capable of effecting improved power 
factor of a permanent magnet type synchronous motor 

20 utilizing reluctance torque. 

[0014] This is solved by a rotor for a motor according 
to claim 1, wherein positions of the embedded second 
permanent magnets are offset from the mounting posi- 
tions of the first permanent magnets by a predetermined 

25 angle in the direction of rotation of the core. 

[0015] This is further solved by a rotor for use in 
matched relation with a stator provided in a permanent 
magnet type synchronous motor, wherein the rotor com- 
prises a core made of a ferromagnetic material, a given 

30 number of permanent magnets are mounted in the outer 
surface of the core circumferentially at equal intervals, 
and the permanent magnets are arranged such that po- 
larities N , S of the permanent magnets on the side facing 
the stator are disposed alternately, and wherein the core 

35 js formed with projections between the permanent mag- 
nets mounted in the outer surface, and each projection 
has a cutout at the forward end in the direction of rotation 
of the core. 

[0016] Since reluctance torque is utilized in the inven- 
40 tion of claim 1 or a conventional rotor shown in Fig. 10, 
the armatur e magnetic flux will increase. Thus, the pow- 
er factor ol the motor will be decreased. To improve this 
power factor, it is necessary to suppress the armature 
magnetic flux, but this will decrease the torque. 
^5 [0017] To eliminate the foregoing disadvantage, the 
construction set forth in claim 2 and claim 3 is adopted. 
[0018] That is, in the invention of claim 2, positions of 
the embedded second permanent magnets are offset 
from the mounting positions of the first permanent mag- 
so nets by a given angle in the direction of rotation of the 
core. Further, in the invention of claim 3, each projection 
has a cutout at the forward end in the direction of rotation 
of the core. 

[0019] In the foregoing construction, since not only lit- 
55 tie change in magnet torque is effected, but the peak 
phase (angle of lead) can also be decreased in spite of 
a slight drop in reluctance torque, the peak value of the 
resultant torque (magnet torque plus reluctance torque) 
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is hardly lowered 

[0020] Further, since in addition to a drop in armature 
magnetic flux, its phase also changes, the phase differ- 
ence between the induced voltage and current is de- 
creased, improving the power factor of the motor. There- 
fore, the maximum output of the motor can be increased, 
which is effective especially to lower-voltage applica- 
tions using a battery as a power source. 
[0021 ] The invention will now be described in connec- 
tion with preferred embodiments as shown in the ac- 
companied drawings. 

[0022] Fig. 1(A)-(B) show the construction of a first 
embodiment of a rotor for a motor, Fig. 1(A) is a plan 
view of the same, Fig. 1(B) a side view of the same. 
[0023] Fig. 2 is a graph showing a comparison of the 
armature interlinkage magnetic flux. 
[0024] Fig. 3 is a chart showing a comparison of the 
armature interlinkage magnetic flux against the number 
of layers of embedded magnels. 

[0025] Fig. 4 is a graph showing a comparison of the 

waveform of the phase induced voltage. 

[0026] Fig. 5 is a chart showing a comparison of the 

torque ripple against the number of layers of embedded 

magnets. 

[0027] Fig. 6(A)-(B) show the construction of a second 
embodiment of a rotor for a motor of this invention; Fig. 
6(A) is a plan view of the same, and Fig. 6(B) a side view 
of the same. 

[0028] Fig. 7 is a graph showing a comparison of the 
magnet component of an induced voltage of a motor, 
the armature component of the induced voltage, the re- 
sultant induced voltage from these components, and a 
current flowing through the motor. 
[0029] Fig. 8 is a graph showing a comparison of the 
magnet torque of a motor, the reluctance torque of the 
motor, the resultant torque from these torque compo- 
nents, and the power factor of the motor. 
[0030] Fig. 9(A)-(B) show the construction of a third 
embodiment of a rotor for a motor of this invention; Fig. 
9(A) is a plan view of the same, and Fig. 9(B) a side view 
of the same. 

[0031] Fig. 10(A)-(B) show the construction of a con- 
ventional rotor for a motor; Fig. 10(A) is a plan view of 
the same, and Fig. 10(B) a side view of the same. 
[0032] Fig. 1 1 is a plan view showing the construction 
• of a fourth embodiment of a rotor for a motor of this in- 
vention. 

[0033] The rotor according to the first embodiment of 
Fig. 1 is applied to a permanent magnet type synchro- 
nous motor, and used in matched relation with a given 
stator (not shown) of the permanent magnet type syn- 
chronous motor. 

[0034] A rotor 11 consists, as shown in Fig. 1, of a 
core 12 of a ferromagnetic body, which is a laminated 
steel block 13 made up of, for example, silicon steel 
sheets, with a given thickness. In the outer surface of 
the core 12 are mounted a given number (four in this 
example) of permanent magnets 14 circumferentially at 



given intervals. 

[0035] More specifically, in the outer surface of the 
core 12 are provided circumferentially, for example, 
four recesses 15, and permanent magnets 14 are 
5 housed fixedly in the recesses 15, respectively. Ar- 
rangement of the permanent magnets 14 is such that 
their polarities S, N on the surface side (the side facing 
an unillustrated stator) is disposed alternately, as shown 
in Fig. 1. 

w [0036] In the core 12 between the permanent mag- 
nets 1 4 and the center of the core 1 2 are embedded arc- 
shaped permanent magnets 16 corresponding to the 
permanent magnets 14, as shown in Fig. 1. Arrange- 
ment of the arc-shaped permanent magnets 16 is the 

'5 same as that of the corresponding permanent magnets 
14, as shown in Fig. 1. 

[0037] More specifically, the core12 is formed with 
arc-shaped grooves 17 running inwardly approximately 
along the permanent magnets 1 4 from points on the cir- 
20 cumference of the core at an equal distance from both 
ends of the permanent magnets 14. In the arc-shaped 
grooves 17 are housed fixedly the arc-shaped perma- 
nent magnets 16, respectively. 

[0038] At the center of the core 12 in the direction of 
25 thickness is provided a fitting hole 18 for a rotational 
shaft (not shown). 

[0039] In the rotor 11 of Fig .1, the permanent mag- 
nets 1 6 embedded in the core 12 are arranged in a sin- 
gle layer. However, permanent magnets equivalent to 

30 the permanent magnets 1 6 may be arranged in multiple 
layers such as two or three layers. 
[0040] if the rotor of the first embodiment of the fore- 
going construction is used in a given permanent magnet 
type synchronous motor, torque T of the motor is written 

35 in the following expression (1 ). 

T=-Pn x Oa x iq-» Pn(Ld-Lq) x id x iq (1 ), 

40 Where the first term of the expression (1 ) represents the 
magnet torque, and the second term represents the re- 
luctance torque. 

[0041] In the expression (1), Pn represents the 
number of magnetic pole pairs of the permanent mag- 

45 nets 14, <Pa is given as <Pa=>/3/2x<r>f (V3/2 means the 
square root of 3/2, and <I>f Is a maximum value of the 
armature interlinkage magnetic flux by the permanent 
magnets). Ld, Lq are inductances of d- and q-axes : and 
id, iq are d- and q-axis components of the armature cur- 

50 rent. 

[0042] Now, a test result will be described of the sev- 
eral kinds of comparison tests performed on a rotor of 
the first embodiment and a conventional rotor shown in 
Fig. 10, using a given permanent magnet type synchro- 
55 nous motor. In these tests, the total amount of perma- 
nent magnet 14, 16 used in the rotor 11 of the first em- 
bodiment was the same as that of permanent magnet 3 
used in the conventional rotor 1 shown in Fig. 10. 
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{0043] Fig. 2 shows a comparison of fundamental 
waveforms of the armature interiinkage magnetic flux; 
curve A represents a case of a conventional rotor, and 
curve B a case of a rotor of the first embodiment. 
[0044] Comparing the waveforms of both cases, the 
rotor of the first embodiment is about 10% larger in ar- 
mature interiinkage magnetic flux than the conventional 
rotor. This means that <J>a of the expression (1) increas- 
es by about 1 0%, so that the magnet torque of the first 
term in the expression (1) is improved by about 10%. 
[0045] Fig. 3 shows a comparison of the armature in- 
teriinkage magnetic flux when permanent magnets em- 
bedded in the rotor are arranged in two or three layers 
in addition to the case of the rotor 11 of the first embod- 
iment. From this comparison, it can been seen that when 
the permanent magnets embedded in the rotor are in- 
creased to two or three layers, the armature interiinkage 
magnetic flux increases with the increase of the number 
of layers, thereby increasing the magnet torque. 
[0046] Fig. 4 shows a comparison of wavefor ms of the 
phase induced voltage induced in the winding on the 
stator of a motor. 

[0047] From this comparison, in the case of a conven- 
tional surface type rotor, it can be seen that the phase 
induced voltage has a stepped shape because of its 
higher harmonic components, as shown in a solid line. 
Since the waveform of the torque is represented by the 
product of an induced voltage and a sinusoidal current 
supplied to the motor, a larger torque variation is pro- 
duced in the case of the conventional rotor. 
[0048] On the contrary, in the case of the rotor of the 
first embodiment, since the waveform of the phase in- 
duced voltage is improved, as shown in a dot and dash 
line, torque variation is also improved. The degree of 
improvement in torque variation becomes better for an 
increased number of embedded magnetic layers in the 
rotor, and the relation between the number of layers and 
the degree of improvement in torque variation (torque 
ripple) is shown in Fig. 5. 

[0049] The rotor 1 1 of the first embodiment 1 is an ex- 
ample of a rotor when the motor is of an inner rotor type. 
However, like the case of the rotor 11 , an idea that per- 
manent magnets 1 4 provided in the outer surface of the 
core are separated from permanent magnets 1 6 embed- 
ded In the core, may be applied to a rotor when the motor 
is of an outer rotor type. 

[0050] Now, the construction of the second embodi- 
ment of a rotor for a motor of this invention will be de- 
scribed with reference to Fig. 6. 

[0051] In the conventional rotor 1 shown in Fig. 10, 
since reluctance torque generated by projections 4 is 
utilized, the armature magnetic flux will increase. There- 
fore, the power factor of the motor will be lowered. To 
improve this power factor, it is necessary to suppress 
the armature magnetic flux, but this disadvantageously 
lowers the torque. 

[0052] Thus, to eliminate such disadvantage, a rotor 
21 according to the second embodiment is devised as 



shown in Fig. 6. 

[0053] That is, the rotor 21 comprises, as shown in 
Fig. 1 . of a core 22 of a ferromagnetic body, which is a 
laminated steel block 23 made up of, for example, silicon 
5 steel sheets, with a given thickness. In the outer surface 
of the core 22 are mounted a given number (four in this 
example) of permanent magnets 24 circumferentially at 
given intervals. Further, the core 22 is formed with pro- 
jections 25 for generating reluctance torque, between 
10 the permanent magnets 24. 

[0054] More specifically, the core 22 is formed, in the 
outer surface, with a given number (four in this example) 
of recesses 26 circumferentially at given intervals, and 
also with arc-shaped projections 25 between the re- 
's cesses 26. The permanent magnets 24 are housed fix- 
edly in the recesses 26. Arrangement of the permanent 
magnets 24 is such that their polarities S, N on the sur- 
face side are disposed alternately, as shown in Fig. 6. 
[0055] Further, each projection 25 is cut down ob- 
liquely at the forward end in the direction of rotation of 
the core 22, as shown in Fig. 6, so that the projection 
25 is formed of a slanting and an arc portion. Therefore, 
the projections 25 are identical in shape, but as shown 
in Fig. 6, they are disposed on the core 22 laterally un- 
symmetrically. 

[0056] Now, a test result will be described of the sev- 
eral kinds of comparison tests performed on a rotor of 
the second embodiment of the foregoing construction 
and a conventional rotor shown in Fig. 10, using a given 
permanent magnet type synchronous motor. In these 
tests, the total amount of permanent magnet 24 used in 
the rotor 21 of the second embodiment was the same 
as that of permanent magnet 3 used in the conventional 
rotor 1 shown in Fig. 10. 

[0057] Fig. 7 is a graph showing a comparison be- 
tween the fundamental wave of the magnet component 
of a phase induced voltage of a motor, the fundamental 
wave of the armature component of the same, the fun- 
damental wave of the resultant phase induced voltage 
and a phase current flowing through the motor. 
[0058] Studying the graph, magnet components of the 
phase induced voltage are approximately the same in 
either case of the rotor of the second embodiment and 
the conventional rotor, as shown in Fig. 7 by a solid line 
A. 

[0059] On the contrary, the armature component of 
the phase induced voltage is represented, in the case 
of the rotor of the second embodiment, by a curve shown 
in the slid line B1 , which curve is shifted as shown in the 
figure as a whole compared with the conventional rotor 
shown in the dotted line B2. Therefore, the resultant 
phase induced voltage is represented, in the case of the 
rotor of the second embodiment, by a curve shown in 
the solid line C1 f which curve is shifted as shown in the 
figure as a whole compared with the case of the con- 
ventional rotor shown in the dotted line C2. 
[0060] Thus, comparing the phase difference of the 
resultant phase induced voltage of the motor and the 
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phase current flowing through the motor, it comes to the 
value 01 in the case of the rotor of the second embodi- 
ment, which is smaller than that in the case of the con- 
ventional rotor shown by the value 82. 
[0061] Fig. 8 is a graph showing a comparison be- 5 
tween the magnet torque of a motor the reluctance 
torque of the motor, the resultant torque from these 
torque components and the power factor of the motor. 
[0062] Studying the comparison : first, the magnet 
torque takes approximately the same value in either 
case of the rotor of the second embodiment and the con- 
ventional rotor, as shown in Fig. 8 by the solid line A. 
[0063] On the contrary, the reluctance torque is rep- 
resented, in the case of the rotor of the second embod- 
iment, by a curve shown in the solid line B1 , which curve 
is shifted to the minus side of the current phase as a 
whole compared with the case of the conventional rotor 
shown in the dotted line B2. 

[0064] Therefore, the resullant torque of the magnet 
torque and the reluctance torque is represented, in the 
case of the rotor of the second embodiment, by a curve 
shown in the solid line C1 , and in the case of the con- 
ventional rotor by a curve shown in the dotted line C2. 
Thus, in the case of the rotor of the second embodiment, 
the maximum value is the same, but like the case of the 
reluctance torque, the curve is shifted to the minus side 
of the current phase as a whole. 

[0065] However, as described above, the phase dif- 
ference between the resultant phase induced voltage of 
a motor and the phase current flowing through the motor 
becomes smaller than in the case of the conventional 
rotor. Therefore, the power factor of the motor is repre- 
sented, in the case of the rotor of the second embodi- 
ment, by a curve shown in Fig. 8 by the solid line D1 , 
indicating improvement compared with the case of the 
conventional rotor shown in the dotted line D2. 
[0066] The rotor 21 of the foregoing second embodi- 
ment is a rotor when the motor is of an inner rotor type. 
However, like the case of the rotor 21 , an idea that part 
of the projection 25 related to generation of the reluc- 
tance torque is cut off, may be applied to a rotor when 
the motor is of an outer rotor type. 
[0067] Now, the construction of the third embodiment 
of a rotor for a motor of this invention will be described 
with reference to Fig. 9. 

[0068] In the rotor 1 1 of the foregoing second embod- 
iment, since reluctance torque is utilized, the armature 
magnetic flux will increase. Therefore, the power factor 
of the motor will be lowered. To improve this power fac- 
tor, it is necessary to suppress the armature magnetic 
flux, but this disadvantageously lowers the torque. 
[0069] Thus, to eliminate such disadvantage, a rotor 
31 according to the third embodiment is devised as 
shown in Fig. 9. 

[0070] As shown in Fig. 9, the rotor 31 according to 
the third embodiment basically has the same construc- 
tion as the rotor 1 1 shown in Fig. 1 , except that mounting 
positions of arc-shaped permanent magnets 36 embed- 



ded in the core 12 are offset by a given angle 0 in the 
direction of rotation of the rotor 31 . 
[0071] That is, the rotor 31 is arranged as shown in 
Fig. 9 such that in the core 12 between the permanent 
magnets 1 4 and the center of the core 1 2 are embedded 
arc-shaped permanent magnets 36 corresponding to 
the permanent magnets 14 and mounting positions of 
the permanent magnets 36 are offset by a given angle 
0 in the direction of rotation of the rotor 31 as a whole. 
[0072] More specifically, the core 12 is formed with 
arc-shaped grooves 37 running along the permanent 
magnets 1 4 from near both ends of the permanent mag- 
nets 14. However, the grooves are arranged such that 
positions of the outside ends of the grooves 37 are not 
at an equal distance from both ends of the permanent 
magnets 14, but the distance on the forward side in the 
direction of rotation of the rotor 31 is larger than that on 
the rearward side. The arc-shaped permanent magnets 
36 are housed fixedly in the arc-shaped grooves 37, re- 
spectively. 

[0073] Otherwise, the construction is the same as that 
of the rotor 11 of the first embodiment, therefore like el- 
ements are designated by like numerals and description 
will be omitted. 

[0074] According to the third embodiment of the fore- 
going construction, the characteristics can be improved, 
as in the second embodiment. 

[0075] That is, according to the third embodiment, 
since not only little change in magnet torque is effected, 
but the peak phase can also be decreased in spite of a 
slight drop in reluctance torque, the peak value of the 
resultant torque is hardly lowered (see Fig. 8). 
[0076] Further, since in addition to a drop in armature 
magnetic flux, its phase also changes, the phase differ- 
ence between the phase induced voltage and phase 
current is decreased, improving the power factor of the 
motor (see Fig. 7 and Fig. 8). 

[0077] The rotor31 of the foregoing third embodiment 
is a rotor when the motor is of an inner rotor type. How- 
ever, like the case of the rotor 31 , an idea that mounting 
positions of the embedded permanent magnets 36 are 
off set by a given angle 0 in the direction of rotation of 
the rotor 31 , may be applied to a rotor when the motor 
is of an outer rotor type. 

[0078] Now, the construction of the fourth embodi- 
ment of a rotor for a motor of this invention will be de- 
scribed with reference to Fig. 11. 

[0079] Although in the foregoing third embodiment as 
shown in Fig. 9, the rotor 31 has been described in which 
permanent magnets 1 4 are mounted in the outersurface 
of the core 12 and one layer of permanent magnets 36 
are embedded in the core 12, the fourth embodiment is 
arranged as follows. 

[0080] That is, a rotor 41 of the fourth embodiment is 
arranged as shown in Fig 11 such that permanent mag- 
nets 14 in the outer surface of the core 12 are omitted 
and multiple layers (two layers in this case) of perma- 
nent magnets 36A, 36B are embedded in the core 12. 
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The mounting positions of the magnets 36B embedded 
on Ihe inner side of the permanent magnets 36A, 36B 
are offset by an angle B in the direction of rotation as 
shown in the figure. 

[0081] As described above, if the same total amount 
of permanent magnet as in a conventional surface mag- 
net type rotor is used, a rotor for a motorcan be provided 
capable of effecting improved motor torque variation 
due to improvement in magnetic density generated be- 
tween the rotor and stator and thus improvement in the 
induced voltage waveform, and of effecting improved 
magnet torque due to an increase in armature interlink- 
age magnetic flux. 

[0082] In addition, not only a rotor can be provided 
capable of eflecting improved efficiency of a PM motor 
utilizing reluctance torque, but effects are also produced 
of improvement in torque variation, magnet torque as 
well as the power factor. 

[0083] Fur ther, a rotor can be provided capable of ef- 
fecting improved efficiency of a PM motor utilizing reluc- 
tance torque. 



formed with projections between the permanent 
magnets mounted in the outer surface, and each 
projection has a cutout at the forward end in the di- 
rection of rotation of the core. 
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Claims 

25 

1 . A rotor for use in matched relation with a stator pro- 
vided in a permanent magnettype synchronous mo- 
tor, characterized in that: the rotor comprises a 
core made of a ferromagnetic material, a given 
number of first permanent magnets are mounted in 30 
the outer surface of the core circumferentially at 
equal intervals, and the first permanent magnets 

are arranged such that polarities N, S of the first per- 
manent magnets on the side facing the stator are 
disposed alternately, and that: in the core between 35 
the center axis of the core and the first permanent 
magnets are embedded second permanent mag- 
nets corresponding to the first permanent magnets, 
respectively, and arrangement of the second per- 
manent magnets is the same as that of the corre- *o 
sponding first permanent magnets. 

2. ^The rotor lor a motor according to claim 1 , wherein 

positions of the embedded second permanent mag- 
nets are offset from the mounting positions of the *s 
first permanent magnets by a predetermined angle 
in the direction of rotation of the core. 

3. A rotor for use in matched relation with a stator pro- 
vided in a permanent magnet type synchronous mo- so 
tor, the rotor for a motor characterized in that: the 
rotor comprises a core made of a ferromagnetic ma- 
terial, a given number of permanent magnets are 
mounted in the outer surface of the core circumfer- 
entially at equal intervals, and the permanent mag- 55 
nets are arranged such that polarities N, S of the 
permanent magnets on the side facing the stator 

are disposed alternately, and that: the core is 



6 



EP 1 283 581 A2 




EP 1 283 581 A2 




EP 1 283 581 A2 



0) 



CSJ 



4) 



O 

0) 
M 
<D 

i? 

rH 

m 
o 

U 



LO 



LO 



LO 



9 



EP 1 283 581 A2 




EP 1 283 581 A2 



oo 



CO 



• 

CD 



CO 
-P 

_ CD 
CO c 

to 



a 

i 

0) 



O 

CO 
M 
CD 

CO 



O 

M 

CD 



O 

M 
fa 



11 



BNSDOCID <EP I28358IA2 I > 



EP 1 283 581 A2 




EP 1 283 581 A2 




13 



BNSDOCID: <EP 1283531 A2 l_> 



EP 1 283 581 A2 




14 



EP 1 283 581 A2 



CO ^ CM 




15 

BMSDOC1D. <EP 1 283581 A2 .1. > 



EP 1 283 581 A2 



CO cs| 




16 



EP 1 283 581 A2 




17 



BNSDOCfD <EP 1283561A2 I > 



